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(54) System for solid state depositing of metals

(57) A process for solid state deposition of a material
onto a workpiece (40) includes the steps of providing a
rod (24) of metallic deposition material, exerting pressure
at one end of the rod (24) to move the metallic deposition
material into a deposition zone (28), rotating the rod (24)
while the pressure is being exerted to generate frictional
heat when the rod (24) contacts a surface of the work-
piece (40), and raising the temperature of the metallic
deposition material to reduce the amount of frictional heat
which needs to be generated during the rotating step and
to produce a microstructure which is substantially free of
porosity and which has a fine grain size.
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Description

BACKGROUND

[0001] The present disclosure relates to a system and
a process for depositing a metallic material on a sub-
strate.
[0002] Additive manufacturing processes are able to
deposit metallic materials to add features on existing
work pieces for repair operations and to create near net
shape work pieces through solid free form fabrication.
The current additive manufacturing systems employ a
variety of technologies including lasers, electron beams,
wire feed stock, powder delivery systems, and powder
beds. These systems all share the common characteris-
tic of a molten melt pool to effect deposition of new ma-
terial on a substrate. The microstructure of a weld de-
posited metal mass frequently has inherent defects in
the form of thermally induced residual stress, fusion bond
line flaws, micro cracking, and epitaxial growth of grains.
The material properties of such weld deposited metal
mass nominally exceed those of castings, but typically
fall short of wrought material.

SUMMARY

[0003] There is described herein an additive manufac-
turing process and system which overcomes the material
properties limitations inherent in melt pool deposition
processes.
[0004] In accordance with the present disclosure,
there is described a system for depositing material onto
a workpiece. The system broadly comprises a rod of me-
tallic deposition material, means for exerting pressure at
one end of said rod to move said metallic deposition ma-
terial into a deposition zone, means for rotating said rod
while said pressure is being exerted to generate frictional
heat when said rod contacts a surface of said workpiece,
and means for raising the temperature of the metallic
deposition material.
[0005] Further in accordance with the present disclo-
sure, there is described a process for depositing material
onto a workpiece. The process broadly comprises the
steps of providing a rod of metallic deposition material,
exerting pressure at one end of said rod to move said
metallic deposition material into a deposition zone, rotat-
ing said rod while said pressure is being exerted to gen-
erate frictional heat when said rod contacts a surface of
said workpiece, and raising the temperature of said me-
tallic deposition material while an end of said rod is in
said deposition zone.
[0006] Other details of the solid state additive manu-
facturing system, as well as other objects and advantag-
es attendant thereto, are set forth in the following detailed
description and the accompanying drawings wherein like
reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a sectional view of a solid state additive
deposition system; and
FIG. 2 is an enlarged view of the deposition zone
formed by the system of FIG. 1

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT(S)

[0008] The deposition process and system described
herein performs deposition of metallic material in a solid
plastic state. This results in defect free material with a
grain structure that will provide full wrought properties
following heat treatment.
[0009] Instead of a non-consumable rotating friction
pin used in stir welding processes, the process and sys-
tem described herein use a consumable rotating rod of
metallic material. The consumable, rotating rod of metal-
lic material can be progressively fed into the workpiece
or substrate, which may comprise a part or a turbine en-
gine component undergoing repair. This can be done us-
ing a pneumatic, hydraulic or mechanical feed mecha-
nism. Localized heat may be added to the rod stock just
above the deposition point. The heat may be added using
an induction coil, a laser, acetylene torch flame, etc. The
temperature of the metallic material forming the rod may
be raised to reduce the amount of heat needed to be
produced by friction. By preheating the deposition rod to
a near plastic state, the energy needed to spin the rod
to generate frictional heat and the vertical force of the
rod on the work piece may be reduced to a practical level.
[0010] Lateral confinement of the deposited metal may
be progressively achieved by shaped cam followers
spaced at a desired wall thickness. Upper confinement
of the deposited metal may be provided by the solid feed
rod. The lower surface confinement may be provided by
the substrate. Recently deposited material will provide
the aft confinement. The forward face of the deposition
zone is unconfined and may be characterized by a bow
wave of plastic material.
[0011] The plastic nature of the metallic material in the
deposition zone along with the stirring motion insures
that the microstructure will be substantially free of poros-
ity and have a fine grain size.
[0012] Referring now to the drawings, FIG. 1 illustrates
a solid state deposition system 8 which includes a spindle
10. The spindle 10 has a housing 12 which may be formed
from any suitable material. Located within the housing
12 is a rotatable hollow shaft 14 supported for rotation
by bearings 16 and 18. Attached to the shaft 14 may be
a drive pulley 20 or other suitable device for rotating the
shaft. When used, the drive pulley 20 may be connected
to a motor (not shown) via a belt or chain (not shown) for
rotating the pulley 20 and thus, the shaft 14.
[0013] Positioned within the core 22 of the hollow shaft
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14 is a solid feed rod 24 of consumable metallic deposi-
tion material. Suitable materials for the feed rod 24 in-
clude: Aerospace Grades of Aluminum, Titanium, Low
Alloy Steel and Nickel Based Super Alloys such as In-
conel 625 and 718. Attached to the upper end 29 of the
shaft 14 is a feed mechanism 26 for exerting pressure
on an upper end of the feed rod 24 and for thus feeding
the consumable deposition material into the deposition
zone 28. In one embodiment, the feed mechanism 26
may comprise a fitting 27 for introducing a high pressure
fluid, such as air, into the hollow core 22 of the shaft 14
and into contact with the upper end of the solid feed rod
24. A rotating pressure union 25 may be provided to join
the fitting 27 to the upper end 29 of the shaft 14. The high
pressure fluid may be used to feed the consumable dep-
osition material in the rod 24 into the deposition zone 28.
[0014] As an alternative to the fitting 27 and the use of
high pressure air to feed the deposition material into the
deposition zone 28, the feed mechanism 26 may com-
prise a hydraulic or mechanical feed mechanism posi-
tioned adjacent the upper end 29 of the shaft 14 to apply
a pressure force to the upper end of the solid feed rod
24. The hydraulic or mechanical feed mechanism may
be any suitable device.
[0015] A heating element 30 may be positioned adja-
cent the deposition zone 28 at a location just above the
deposition point 31. The heating element 30 may be po-
sitioned within the housing 12 or external to the housing
12. The heating element 30 may be an induction coil, a
laser, or an acetylene torch,flame. The heating element
30 may be used to raise the temperature of the metallic
deposition material forming the rod 24 to approximately
0.8 of the deposition material melt temperature. The tem-
perature of the material forming the rod 24 is raised to
reduce the amount of heat needed to be produced by
friction. By preheating the feed rod 24 in this manner to
a near plastic state, the energy needed to spin the feed
rod 24 to generate frictional heat and the vertical force
of the rod on a workpiece 40 is reduced to a practical
level. By heating the material forming the feed rod 24 and
applying pressure at the opposite end by the feed mech-
anism 26, metal may be deposited on a surface of the
workpiece 40 for a desired purpose such as effecting a
repair.
[0016] As shown in FIG. 2, lateral confinement of the
deposited metal may be progressively achieved by
shaped cam followers 42 spaced at a desired wall thick-
ness for the deposited material. The shaped cam follow-
ers 42 may be conical rollers whose outer diameter sur-
face insures that the rollers only contact relatively soft
material 43 in the current deposition layer. Upper con-
finement of the deposited metal may be provided by the
solid feed rod 24. The substrate or target plate 40 pro-
vides lower confinement. Aft confinement is provided by
the recently deposited material.
[0017] As can be seen from FIG. 2, metallic material
may be deposited in layers 46 on a surface of the work-
piece 40. The forward face of the deposition zone may

be unconfined and may be characterized by a bow wave
of plastic deposition material. The plastic state of the de-
posited material in the deposition zone, along with the
stirring motion caused by rotation of the feed rod 24, leads
to the microstructure being substantially free of porosity
and having a fine grain size. The porosity and grain size
are equivalent to what is seen in a forging for any given
material.
[0018] The process of the present invention may be
used to add features to bosses, flanges and stiffening
blades to a diffuser case. The process described herein
may also be used to free form fabricate diffuser cases,
turbine exhaust cases, and intermediate cases.
[0019] The solid state additive manufacturing system
and process disclosed herein overcomes the material
properties limitations inherent in melt pool deposition
processes. The approach described herein enables full
wrought properties to be realized directly from an additive
manufacturing process.
[0020] It is apparent that there has been provided in
accordance with the present disclosure a solid state ad-
ditive manufacturing system which fully satisfies the ob-
jects, means, and advantages set forth hereinbefore.
While the present disclosure has set forth particular em-
bodiments, other alternatives, modifications, and varia-
tions may become apparent to those skilled in the art
having read the foregoing description. Accordingly, it is
intended to embrace those alternatives, modifications,
and variations as fall within the broad scope of the ap-
pended claims.

Claims

1. A system (8) for depositing material onto a workpiece
(40), said system comprising:

a rod (24) of metallic deposition material;
means for exerting pressure at one end of said
rod (24) to move said metallic deposition mate-
rial into a deposition zone (28);
means (20) for rotating said rod (24) while said
pressure is being exerted to generate frictional
heat when said rod (24) contacts a surface of
said workpiece; and
means (30) for raising the temperature of said
metallic deposition material.

2. The system according to claim 1, wherein said rod
(24) comprises a solid rod of consumable deposition
material.

3. The system according to claim 1 or 2, further com-
prising:

said rotating means comprising a hollow rotat-
able shaft (14);
said rod (24) being positioned within said hollow
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shaft (14); and
said pressure exerting means comprising a feed
mechanism attached to an upper end (29) of
said shaft (14).

4. The system of claim 3, wherein said feed mechanism
comprises a fitting (27) for a high pressure gas.

5. The system of claim 3, wherein said feed mechanism
comprises a hydraulic feed mechanism or a mechan-
ical feed mechanism.

6. The system of any preceding claim, further compris-
ing means (42) for laterally confining the deposited
metal, said lateral confining means comprising, for
example, shaped cam followers (42) spaced at a de-
sired wall thickness.

7. The system of any preceding claim, wherein said
temperature raising means (30) comprises a source
of heat located adjacent said deposition zone (28).

8. A process for depositing a material onto a workpiece
(40) using a solid state process comprising the steps
of:

providing a rod (24) of metallic deposition ma-
terial; exerting pressure at one end of said rod
(24) to move said metallic deposition material
into a deposition zone (28);
rotating said rod (24) while said pressure is be-
ing exerted to generate frictional heat when said
rod (24) contacts a surface of said workpiece
(40); and
raising the temperature of said metallic deposi-
tion material while an end of said rod (24) is in
said deposition zone (28).

9. The process according to claim 8, wherein said rod
providing step comprises providing a solid rod (24)
of consumable deposition material and further com-
prising providing said solid rod (24) within a hollow
rotatable shaft (14) and said rotating step comprises
rotating said hollow shaft (14).

10. The process of claim 9, wherein said pressure ex-
erting step comprises providing a feed mechanism
attached to an upper end (29) of said shaft (14) and
using said feed mechanism to exert said pressure
to an end of said solid rod (24).

11. The process of claim 10, wherein said feed mecha-
nism providing step comprises providing a fitting (27)
for a high pressure gas and applying said gas under
pressure to said end (29) of said solid rod (24).

12. The process of any of claims 8 to 11, wherein said
temperature raising step comprises providing a

source of heat (30) located adjacent said deposition
zone (28) and heating said deposition material ad-
jacent a deposition point so as to reduce the frictional
heat which needs to be generated during said rotat-
ing step.

13. The process according to claim 16 or the system
according to claim 8, wherein said heat source (30)
comprises an induction coil, a laser or an acetylene
torch flame.

14. The process of any of claims 8 to 13, further com-
prising laterally confining the deposited metal, for ex-
ample using shaped cam followers (42) spaced at a
desired wall thickness.

15. The process according to any of claims 8 to 14,
wherein said temperature raising step comprises:

raising the temperature of said metallic deposi-
tion material to reduce the amount of frictional
heat needed to be generated during said rotating
step so as to form a microstructure in the depos-
ited material which is substantially free of poros-
ity and which has a fine grain size.
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